A driven diftusive lattice gas is studied in a rectangular geometry: particles are fed in at one side and extracted at the other, after being swept through the system by a uniform driving field. Being periodic in the transverse direction, the lattice lies on the surface of a cylinder. The resulting nonequilibrium steady state depends strongly on this choice of boundary conditions. Both Monte Carlo and analytic techniques are employed to investigate the structure of typical configurations, the density profile, the steady-state current, and the nearest-neighbor correlations. As the temperature is lowered in a finite system, the simulations indicate a crossover from a disordered to an ordered state that is characterized by a backgammonlike pattern of alternating high-and low-density regions ("fingers"). For fixed strengths of the field and interparticle attraction, the average number of fingers is controlled by the ratio of the transverse to the longitudinal system size. Whether the crossover corresponds to an actual phase transition, where typical thermodynamic observables become singular, remains to be determined.
I. INTRODUCTION Our understanding of nonequilibrium phenomena in even the simplest interacting many-particle systems is still very far from complete. Over the past years, considerable effort' has been devoted to the study of various nonequilibrium steady states in stochastic lattice gases. In these simple model systems, particles hop to empty nearest-neighbor sites under the infIuence of a shortranged, Ising-like interaction between the particles, and a simulated thermal bath. Nonequilibrium steady states are easily established, and maintained, by suitable choices of boundary conditions or driving forces.
Our interest in this type of model system is threefold. First, it offers wide-ranging applications to real materials, such as binary mixtures, ' fast ionic conductors, " and hydrogen in metals. ' Second, its static equilibrium properties are very well understood: they are described by the canonical, or the grand-canonical ensemble, depending on whether the system is coupled to a particle reservoir or not. Third, its dynamics around equilibrium can be cast in terms of well-established Langevin equations for the slow variables, ' which are accessible by methods of renormalized field theory. ' In particular, the equilibrium systems are known to undergo a second-order transition, whose static universality class is that of the Ising model, for spatial dimensions below 4. The dynamical universal behavior is described by model 8 if the particle-particle interactions are attractive, and by model 3 in the repulsive case. Thus, our analysis starts from well-explored ground.
In order to drive the system out of equilibrium, two major scenarios have been considered so far. In the first one, ' a nonequilibrium state is established by imposing a density, or chemical potential, gradient, in a rectangular geometry: particles are inserted at one edge, and extracted at the opposite edge, according to specified rates, thus fixing the boundary densities. Since the external driving forces act only at the surface, the steady-state current vanishes in the thermodynamic limit, so that the dominant characteristics of the system are equilibriumlike.
This does not imply, however, that nonequilibrium effects occur only in a boundary layer. Rather, these efFects must be uniformly present in the bulk, but with vanishing amplitudes.
In contrast, the second scenario ' involves external drives acting in the bulk and provides nonequilibrium effects in the thermodynamic limit. Typically, the driving field is chosen to point along one of the lattice axes and introduces an anisotropic bias into the hopping rates: jumps along (against) the field direction are favored (suppressed) while transverse jumps remain unaffected.
One might think of the particles as carrying "electric" charge, driven by an external "electric" field. With fully periodic boundary conditions, the system settles into a steady state characterized by a nonzero current. Next, we turn to a discussion of the density profile, Figure 5 indicates that the crossover from random occupation to fingering is accompanied by a change in the shape of p(y): For J = 1, p(y) varies strongly at the boundaries, while remaining fairly constant, with a small negative slope, through the rest of the lattice. As J increases, the profile gradually crosses over to a linearly decreasing function of y. The latter corresponds to a perfect "backgammon" pattern of fingers. Figure 5 also shows that the density profile is antisymmetric around y =L/2, apart from an overall average density -, ', as expected from CP symmetry.
The average number CNN of nearest-neighbor bonds per occupied site is shown in Fig. 6 . For a system of free particles (J =0), the configurations are completely random, corresponding to an average of two neighbors per particle. As J becomes larger, CNN increases, due to the stronger attraction between the particles. Note that the total number of occupied sites does not change appreciably, due to CP symmetry. Since CNN and the average "internal" energy per site differ only by a (temperatureindependent) factor, CNN can be used to extract the specific heat, defined as the temperature derivative of -Jg(n n~). From Fig. 6 , we might expect a peak in the specific heat, located around J=1. 7, for E=5, and possibly at a slightly smaller value of J for E=3 and 1.
However, more data and detailed finite-size analysis are needed before we can be certain of the existence or absence of a true singularity. Only then could a reliable picture of a phase transition emerge.
Finally, we comment on j, the average current through Figure 7 shows the behavior of the current at fixed lattice parameters W and L:
The current increases with E and decreases with J. At Fig. 5 ). Keeping in mind that we are considering the disordered phase, these features are expected since the effects of the sources and sinks on the bulk should vanish in the thermodynamic limit. The sharp rise in $0 near either edge is reminiscent of a boundary layer. However, our profile does not decay exponentially into the bulk. In the thermodynamic limit, it decays inuersely with distance. For example, if g is the Note that the profile (4.3) has a curvature opposite to the more familiar tanh-like ones, which appear in systems' with J&0 but E=O. This difference is expected, because J tends to gather particles at, while E drives them away from, the high-density edge. Since the effect of J on a totally free system is opposite to that of E, it is natural to ask whether they might cancel each other and lead to a lineav density profile for finite J and E. As we will see, this conjecture is confirmed to first order, in a perturbative treatment of J.
In this theory, 1/E provides a length scale and $0(z) depends on the system size and the field strength through the combination -, 'LE only. Thus, the zero-drive limit and the thermodynamic limit are not interchangeable.
If
we take the former first, p will vanish according to p = , 'LE(1 -, 'LE/3)+O-((LE-) ), so that distance from the lower edge, go= I/(1+gE). Such a slow decay might be related to the slow power-law decays of correlation functions observed in DDS. 
